Objectives: Metabolic syndrome is a cluster of risk factors for type 2 diabetes mellitus and cardiovascular disease. Associations between metabolic syndrome and several types of cancer have recently been documented.
INTRODUCTION
Metabolic syndrome is defined as a cluster of risk factor for type 2 diabetes mellitus and cardiovascular disease [1, 2] . Its components are abdominal obesity, insulin resistance, dyslipidemia, and hypertension, and each factor is related with unhealthy life-styles [3] . Despite its obvious importance as a risk cluster of several diseases, the definition of metabolic syndrome has been the source of constant controversy. Many organizations-the World Health Organization, the European Group for the Study of Insulin Resistance, the National Cholesterol Education Program Adult Treatment Panel III (NCEP-AT-PIII), the American Association of Clinical Endocrinology, the International Diabetes Federation (IDF), and the American Heart Association/National Heart, Lung, and Blood Institutehave defined metabolic syndrome using fundamentally similar components, but with different parameters and cut-off points [4, 5] . Although studies have employed different criteria to define metabolic syndrome when studying different populations, most studies have found that the prevalence of metabolic syndrome is increasing worldwide [6] [7] [8] . In Korea, the prevalence of metabolic syndrome markedly increased from 24 .9% in 1998 to 31.3% in 2007 [7] .
Interestingly, recent studies have shown associations between metabolic syndrome and the risk of several cancers, including liver, colorectal, bladder, and renal cancer in men [9] [10] [11] [12] , and endometrial, postmenopausal breast, pancreatic, and colorectal cancer in women [9, 10, 12, 13] . Although the above findings were reported in meta-analyses, few studies have assessed Asian populations, and those that have done so have mostly been Japanese and Chinese studies [14, 15] . In Korea, several studies have investigated associations of the risk of site-specific cancers with body mass index (BMI), fasting serum glucose levels, and total cholesterol levels [16] [17] [18] , but it is hard to find a study explored relationships between an integrated measure of metabolic risk factors and diverse site-specific cancers. One study that used health examination data from a single hospital analyzed metabolic syndrome and total cancer-related mortality in Korean men and women [19] , whereas previous studies have shown different levels of risk for site-specific types of cancer to be related with metabolic syndrome [9] .
The aim of this study was to determine whether clusters of metabolic risk factors were related to several types of cancer in Korean men and women. We conducted a retrospective cohort study with approximately 100 000 participants from the Korean National Health Insurance Service (KNHIS) national sample cohort data. In this article, we report the associations of metabolic risk profiles and site-specific cancers among the Korean population.
METHODS

Study Population and Data Collection
We analyzed the KNHIS national sample cohort data originating from the National Health Information database established by the KNHIS in 2011. These cohort data were drawn from approximately 1 000 000 individuals, comprising 2.2% of the total Korean population, extracted by sampling from the 2002 records of the National Health Information database [20] . These data include insurance status, socioeconomic status, the utilization of health care services, and KNHIS biannual health examination data for eligible participants from 2002 to 2013.
A total of 113 641 individuals were included in the KNHIS national sample cohort and received a KNHIS health check-up in 2002. Individuals who had lost insurance since 2003 (n =122), were under 20 years of age at the end of 2002 (n=301), had already experienced cancer according to their responses to a self-reported questionnaire in the KNHIS health examination (n=359), and with missing information for anthropometric measurements, laboratory measurements, or a self-reported questionnaire (n=13 294) were excluded. Therefore, a total of 99 565 participants were eligible for this study. Finally, we excluded cancer cases diagnosed during the same year of the health check-up, and consequently the analysis of each site-specific cancer had a different total population number at the starting point of follow-up.
The KNHIS health check-up included anthropometric measurements, laboratory measurements, and a self-reported questionnaire. The standard procedures for this examination are specified in the Framework Act on National Health Examination. Systolic and diastolic blood pressure (mmHg), weight (kg), and height (m) were measured. BMI was calculated as weight divided by height squared (kg/m 2 ). Fasting glucose and total cholesterol levels (mg/dL) were determined using serum samples. Information about each participant's history of cancer, smoking status, alcohol intake, and exercise habits were collected by self-reported questionnaires. Participants were classified according to smoking status as never, former, or current smokers. Alcohol intake was calculated as alcohol consumed in an average day (g/d) by multiplying the frequency of alcohol consumption (times/mo) and the average drinking volume in one sitting, and categorized into five categories (0, <20, <40, <60, and ≥60 g/d). Whether participants engaged in regular exercise was evaluated in terms of the frequency of exercise (no activity, 1-2, and ≥3 times/wk).
Definitions of Metabolic Risk Profile
Most of the widely used definitions of metabolic syndrome include components reflecting obesity, abnormal serum glucose levels and lipid profiles, and high blood pressure [5] . According to these fundamental components, the criteria for metabolic risk profile in this study were set using the available anthropometric and laboratory measurements from the KNHIS health check-up data, which were BMI, fasting plasma glucose level, serum total cholesterol level, and blood pressure.
The BMI was used for the component of obesity, and a BMI ≥25 kg/m 2 was regarded as obesity in both sexes in accordance with the recommendations of the International Obesity Task Force and the World Health Organization Regional Office for the Western Pacific Region [21] . The cut-off for a fasting plasma glucose level was ≥100 mg/dL, reflecting the 2003 definition of impaired fasting glucose tolerance by the American Diabetes Association [22] . We also included individuals who had a history of type 2 diabetes together with the subjects who had high fasting serum glucose levels, in order to create a category of participants with dysfunctions of glucose regulation. In many cases, the criteria for dyslipidemia are levels of triglycerides and high-density lipoprotein (HDL) cholesterol [5] , but the KNHIS health check-up in 2002 did not collect full lipid profiles. Therefore we chose the serum total cholesterol level as a proxy indicator with a cut-off of ≥200 mg/dL as the borderline-high level. It was defined to be the same as the NCEP-ATPIII borderline-high category of triglycerides (≥150 mg/dL) [23] . Hypertension was defined as a history of hypertension or an elevated measured blood pressure (systolic pressure ≥130 mmHg or diastolic pressure ≥85 mmHg). We defined a high-risk metabolic profile as the presence of three or more of the above criteria.
Follow-up and Outcome Detection
We linked the general information of individuals who met the eligibility criteria from the KNHIS health check-up with each participant's claims data from 2002 to 2013 and checked their insurance status and death during the follow-up period. The endpoint of follow-up was the occurrence of site-specific cancer. Incident cases of cancer were detected using the principal diagnosis and the first additional diagnosis in the claims data. Incident cases were defined as those who had two or more claims in a year with site-specific cancer diagnoses according to the International Classification of Diseases, 10th revision. The event times of individuals who died before the end of follow-up were censored. The follow-up period was from the first day of 2003 until the end of 2013. We did not include the year 2002 in the follow-up period to minimize the likelihood of reverse causation. We did not have exact information regarding the date of each participant's health check-up; therefore, the follow-up time was calculated from the end of 2002.
Statistical Analysis
Basic characteristics are presented using descriptive analysis. Cox proportional hazards models were applied to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for the associations between high-risk metabolic profiles and the risk of site-specific cancers. All statistical analyses were stratified by gender. We presented a crude model and an adjusted model including age group, smoking status, alcohol intake, and regular exercise. We also categorized participants according to the number of metabolic risk factors present. Linear trends in HRs according to the number of metabolic risk factors were evaluated using the Wald test. The analysis of each site-specific cancer had a different total number of the population because we excluded cancer cases diagnosed during the same year of the health check-up in a site-specific manner.
We also compared subjects with and without each metabolic risk factor with regard to the cancers related with a high-risk metabolic profile. The first model estimated HRs and 95% CIs adjusted for age group, smoking status, alcohol intake, and regular exercise. The second and third models were additionally adjusted for other metabolic risk factors using categorical and continuous variables.
All statistical tests were two-sided and p-values <0.05 were considered statistically significant. All analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Ethics
This study was approved by the Korea University Ethical Review Board (no. KU-IRB-13-118-A-1). The authors could not identify any participant in the sample cohort data. KNHIS provided data with anonymous identification codes for the included individuals, and especially sensitive medical information of the patients was masked.
RESULTS
Of the 61 758 men and 37 807 women initially included in this cohort, 3680 cancer cases in men and 2257 cancer cases in women were observed over an average follow-up period of 10.4 years. The most prevalent sites of cancer were the stomach (n=781), lung (n=474), liver (n=468), and colon (n=431) in men and the thyroid (n =634), breast (n =359), stomach (n=280), and colon (n=206) in women. Overall, 43.4% of par-ticipants had hypertension, 40.2 % had dyslipidemia, 29.9% were obese, and 26.0% had hyperglycemia. No components of the metabolic risk profile were present in 25 584 participants (25.7%), while 30 939 (31.1%) presented one metabolic risk profile component, 25 053 (25.2%) presented two components, 14 119 (14.2%) three components, and 3870 (3.9%) all four components.
The baseline characteristics of the study population by gender divided into those with a high-risk metabolic profile and others are shown in Table 1 . Those with a high-risk metabolic profile were older, had a higher BMI, higher fasting plasma glucose, higher serum total cholesterol, and higher blood pressure, and were more likely to be current or former smokers, to consume large amounts of alcohol, and to exercise. Table 2 shows HRs with 95% CIs for site-specific cancers according to the number of metabolic risk factors and presence of a high-risk metabolic profile. In men, the HR of colon cancer adjusted for age group, smoking status, alcohol intake, and regular exercise was 1.40 (95% CI, 1.14 to 1.71). Non-significantly increased risks were observed for pharynx, rectum, larynx, and kidney cancer. Esophageal cancer had a borderline significant inverse association with the presence of a high-risk metabolic profile (HR, 0.51; 95% CI, 0.25 to 1.04; p=0.06). With regard to the number of metabolic risk factors, only colon cancer showed a significant linear trend (p<0.01). Women with a high-risk metabolic profile presented a significantly increased risk of gallbladder and biliary tract cancer (HR, 2.05; 95% CI, 1.24 to 3.42) and a significant linear trend for an increasing number of metabolic risk factors (p<0.05). Brain cancer in women also showed a significant linear trend (p<0.05) and a relatively strong but statistically non-significant association with a high-risk metabolic profile (HR, 1.81; 95% CI, 0.88 to Components of metabolic risk profile were defined using the following criteria: (i) obesity, defined as a body mass index ≥25 kg/m 2 ; (ii) dysfunction of glucose regulation, defined as a fasting glucose level ≥100 mg/dL or a history of type 2 diabetes; (iii) dyslipidemia, defined as a serum total cholesterol level ≥200 mg/dL; (iv) hypertension, defined as blood pressure ≥130/85 mmHg or a history of hypertension. 2 The Cox proportional hazards model was adjusted for age group, smoking status, alcohol intake, and regular exercise.
3.73). Colon, liver, breast, and ovarian cancer also had HRs greater than one, but did not show statistically significant associations.
We determined the effect of each metabolic risk factor on high-risk metabolic profile-related cancers. There was no single metabolic factor overwhelming the effect of full metabolic risk profile for colon cancer in men and gallbladder and biliary cancer in women with this study population. Surprisingly, hypertension in men was the sole metabolic risk factor significantly associated with colon cancer (HR, 1.35; 95% CI, 1.10 to 1.66 in model 3, adjusted for other metabolic risk factors using continuous variables). For gallbladder and biliary cancer in women, obesity and hyperglycemia were the factors associated with cancer risk more than other factors, but these associations were weaker than those observed for the full metabolic risk profile within this study (Table 3) .
DISCUSSION
This analysis of the KNHIS national sample cohort demonstrated that the presence of a high-risk metabolic profile significantly increased the risk of colon cancer in men and gallbladder and biliary tract cancer in women. Both types of cancer also exhibited a gradient increase in risk with the number of metabolic risk factors. The finding of an increased site-specific cancer risk related with a high-risk metabolic profile is generally consistent with recent studies [9, 12, 24] . A metaanalysis of the association of colon cancer and metabolic syndrome found a significantly increased risk in men and women (men: relative risk [RR], 1.36; 95% CI, 1.02 to 1.79; women: RR, 1.41; 95% CI, 1.04 to 1.92) [12] . In fact, in our study, the risk of colon cancer in women with a high-risk metabolic profile was not significant, and a Japanese cohort study did not present an appreciably increased risk associated with metabolic syndrome [14] . We were not able to find a cohort study with a Korean population that assessed the association between metabolic syndrome and colon cancer, but several case-control studies have reported significant associations between colorectal adenomas and metabolic syndrome, especially in men [25, 26] . The relationship of gallbladder and/or biliary tract cancer with metabolic syndrome has been scarcely studied, although a collaborative study of Metabolic Syndrome and Cancer (Me-can) project showed that an elevated risk of gallbladder cancer was associated with the metabolic syndrome z-score (RR, 1.37; 95% CI, 1.07 to 1.73) [24] . No study of a Korean population has evaluated clusters of metabolic risk factors in association with gallbladder and biliary tract cancer, but an association between obesity defined by BMI and gallbladder cancer was presented by Jee et al. [16] .
According to a meta-analysis of metabolic syndrome and the risk of different types of cancer, liver, colorectal, and bladder cancers in men were related to the presence of metabolic syndrome [9] . Our study did not demonstrate a significant association for liver and bladder cancers in men or any other high-risk metabolic profile-related cancers in women. Most meta-analyses of the relationship between metabolic syndrome and cancer risk include few results from Asian populations, and therefore this discrepancy may offer the chance to Hazard ratios were estimated from the Cox proportional hazards model adjusted for age group, smoking status, alcohol intake, and regular exercise. Additionally adjusted for other metabolic risk factors by categorical variables. 3 Additionally adjusted for other metabolic risk factors by continuous variables.
consider racial differences in the association between metabolic syndrome and the risk of several site-specific cancers.
The most common form of liver cancer is hepatocellular carcinoma, for which hepatitis B or C infection is the major risk factor. Therefore, additional adjustment for hepatitis B or C infection should be conducted to evaluate the risk of liver cancer more precisely.
For women, elevated risk for endometrial, pancreatic, postmenopausal breast, and colorectal cancers were associated with metabolic syndrome in the 2012 study carried out by Esposito et al. [9] . In our study, the initially enrolled population included fewer women than men and the incident cancer cases were not sufficient to perform an analysis for several sitespecific cancers, especially pancreatic (n =54) and uterine (n=52) cancers. A meta-analysis likewise did not show an association between metabolic syndrome and breast cancer in all women (RR, 1.14; 95% CI, 0.98 to 1.32), but the risk was elevated in postmenopausal women with metabolic syndrome (RR, 1.56; 95% CI, 1.08 to 2.24) [9, 27] . Another study with a multicenter Italian cohort found an increased breast cancer risk in all women with metabolic syndrome (HR, 1.52; 95% CI, 1.14 to 2.02) and in postmenopausal women with metabolic syndrome (HR, 1.80; 95% CI, 1.22 to 2.65) [28] . Our cohort data did not provide information about menopausal status; therefore, we could not conduct a subgroup analysis, although a non-significant association was found in a simply separated group consisting of women over 50 years of age (HR, 1.28; 95% CI, 0.86 to 1.88).
The biological plausibility of the relation between metabolic syndrome and risk of cancers has been studied in reference to insulin and insulin-like growth factor systems, estrogen, and inflammatory response-related hormones and factors [29] . In particular, for colon cancer, Giovannucci [30] highlighted hyperinsulinemia as a main component among the metabolic risk factors because it mechanistically enhanced concentrations of insulin-like growth factor-1. Mendonca et al. [29] reviewed the mechanisms linked to the pathophysiology of metabolic syndrome and colorectal cancer and pointed out that both obesity and colorectal cancer are related with a chronic subclinical inflammatory condition, dyslipidemia results in elevated bile salts that have a carcinogenic effect on colon cells, and hyperglycemia can provide an energy source for cancer cells because neoplastic cells mainly use glucose. Hypertension is less commonly considered to be a risk factor for colon cancer or adenomas, and recent studies have presented conflicting results [30] . According to our findings, hypertension was the single metabolic factor that significantly increased the risk of colon cancer. To our knowledge, no study has been conducted to evaluate the relationship between hypertension and colon cancer in Korean men, although one Taiwanese cross-sectional study found that patients who had adenomas of the rectosigmoid colon had higher blood pressure than the polyp-free group [31] . According to another Korean population study evaluating isolated metabolic risk factors, individuals who had a BMI ≥30 kg/m 2 or a serum total cholesterol ≥240 mg/dL had an elevated risk of colon cancer [16, 18] . The cut-off points of BMI or serum total cholesterol used in previous studies might be relatively high for this study population, and we therefore need to conduct further studies to confirm the associations of isolated metabolic risk factors and cancer with properly categorized BMI or total cholesterol levels for the same study populations.
The association of metabolic syndrome with gallbladder and/or biliary tract cancer is poorly understood [15, 24] . Shebl et al. [15] pointed out that chronic inflammation is considered to be the main biological mechanism relating metabolic syndrome and biliary tract cancer. Interestingly, gallstone disease appears to be associated with metabolic syndrome [32] , and both biliary tract cancer and stone formation are related to pathogenesis-linked inflammation and insulin resistance [15] . Our findings from the analysis of isolated metabolic risk factors support those pieces of experimental evidence. Although the statistical significance was slightly different across our models, obese women (BMI ≥25 kg/m 2 ) or women who had dysfunctions of glucose regulation presented elevated risks of gallbladder and biliary tract cancer. Analogously to a previous study of total cholesterol levels in women with gallbladder cancer [18] , dyslipidemia did not significantly increase the risk of gallbladder and biliary tract cancer in our study. In the case of gallbladder and biliary tract cancer, the relatively lower incidence rate means that we need more site-specific cancer cases to clarify the effect of each metabolic risk factor and cluster thereof on developing cancers.
The main strength of our study is that examined the risk of each site-specific cancer according to an integrated metabolic risk profile using Korean national cohort data. Several previous studies have separately investigated each component of metabolic syndrome as a risk factor for different types of cancer [16] [17] [18] or the relationship between clusters of metabolic risk factors and total cancer-related mortality in the Korean popu-lation [19] . In this study, we demonstrated the relationship between metabolic risk profiles and colon cancer in Korean men and gallbladder and biliary tract cancer in Korean women.
This study has several limitations. First, instead of commonly used definitions of metabolic syndrome such as the NCEP-AT-PIII or IDF definitions, we introduced proxy indicators (i.e., total serum cholesterol level as a proxy indicator for high triglyceride and/or low HDL cholesterol levels and BMI for waist circumference). The working definitions applied in our study might be a concern when comparing our findings with those of other studies, but previous studies have shown consistent association trends with different definitions of metabolic syndrome [9, 14] . Furthermore, half of the studies included in a recent meta-analysis of metabolic syndrome and cancer risk had atypical definitions [9] and a representative pooled cohort, the Me-can project, also introduced proxy indicators due to the absence of available data fulfilling the typical criteria of metabolic syndrome [33] . Notwithstanding the limitation imposed by using working definitions, we strictly defined a high-risk metabolic profile as meeting any three or more criteria among four risk factors; as a result, the proportion of individuals who had a high-risk metabolic profile in our study was lower than the prevalence of metabolic syndrome in the Korean population. Further studies using more standard definitions of metabolic syndrome are needed to confirm our findings and ensure comparability.
Second, the KNHIS national sample cohort is linked to claims data and we detected cancer cases using working definition with the claims data, although this kind of setting has already been debated [34] . In our findings, this issue was related with the potential overestimation of incident cases of site-specific cancers. The mean difference between the crude incidence rates in Korean cancer statistics [35] and those within this study was 10.6 per 100 000 men and 12.7 per 100 000 women, although the differences varied considerably among the types of cancer. On one hand, the identification of incidence cases using claims data is sometimes considered inaccurate, but on the other hand, diagnosis codes for cancer may have become more accurate than other disease codes after a special coinsurance rate was applied for cancer patients in Korea in 2005 [36] . Furthermore, we excluded individuals who developed cancer before we started follow-up based on responses in their past medical history self-questionnaires included in the health check-up, meaning that it is possible that we did not exclude all prevalent cancer cases. If we could deal with personal privacy related with Personal Information Protection Act properly, linkage of the Korean Central Cancer Registry with claims data or applying of Expanding Benefit Coverage-related codes to claims data would be helpful in establishing the exact number of incident cases.
Additionally, although we included well-known confounders in this analysis, residual confounding for each site-specific cancer could not be considered because this study had a retrospective cohort design. Since 2009, the KNHIS health checkup database has provided additional information, including waist circumference, serum triglyceride levels, HDL cholesterol levels, and low density lipoprotein cholesterol levels, as well as detailed lifestyle questionnaires [37] . We needed to ensure a sufficiently long follow-up period to detect enough incident cases of each site-specific cancer, and we therefore used KNHIS health check-up data from 2002. Subsequent studies should investigate the associations between metabolic syndrome and site-specific cancers according to the generally accepted definition of metabolic syndrome and performing detailed adjustments using additional variables that reflect the characteristics of each cancer type.
In summary, this study demonstrated that individuals with a high-risk metabolic profile had a significantly elevated risk of colon cancer in men and gallbladder and biliary tract cancer in women. Our analysis may support the presence of different patterns of association between metabolic risk and several site-specific cancers in Korean men and women. These results, if confirmed, will provide additional data about the risk pattern of metabolic syndrome-related cancers in Asian populations and, from a public health perspective, evidence of associations between metabolic syndrome and certain types of cancer may encourage public health interventions for healthy lifestyle.
